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Numerous in vitro and in vivo experiments show
that protein bound sulfur containing amino
acids—in the first place cystine and cysteine—
play an important role in the biochemical changes
taking place in the course of carcinogenesis.
Fieser (1) assumes that benzpyrene opens the
disuffide (5—5) bonds and becoming attached to
one of the sulfur atoms is incorporated into the
protein. According to Calcutt (2) the benzpyrene
blocks the sulfhydryl (—Sil) groups. Among the
experiments carried out in vivo those of White and
White (3) seem very fascinating. They reveal the
carcinogenesis inhibiting effect of a cystine-poor
diet. Their results are extremely demonstrative.
They carried out their investigations with a mice
strain of which almost each member perished from
spontaneous carcinoma of the mamma, whereas
of the animals fed on a cystine-poor diet not a
single one developed carcinoma. The inhibiting
effect of a cystine-poor diet on spontaneous and
experimentally induced carcinogenesis is also
confirmed by other data. Furthermore, Crab-
tree's (4) work which shows that substances
interfering with the sulfur metabolism of the
skin inhibit the epidermal carcinogenic effect of
carcinogenous hydrocarbons is also highly
interesting. Greenstein (5) demonstrated that in
the proteins of hepatoma the cystine-methionine
ratio shifts in the favor of the latter.
These data induced us to examine by means of
the method described in previous papers (6, 7)
whether painting with methyicholantrene and
benzpyrene respectively, produces any change
in the S—S bonds of the epidermis of mice if they
are examined after alkaline treatment with
Bennett's sulfhydryl reagent (1-/4-chloromercuri-
phenylazo/-naphtol-2).
MATERIALS ANI) METHODS
The investigations were carried out on light
brown colored male and female mice weighing
20-22 g bred in our laboratory. The skin of one
side of the animals was painted on an area of
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about 2 cm in diameter above the right thigh with
a solution of 0.6 per cent of methylcholantrene
or 0.8 per cent of benzpyrene dissolved in benzene
or acetone respectively, in one instance without
the hair being sheared. The examinations were
performed on the 5—6th day when the hyper-
trophy had already developed on the treated site
and the epilation had set in, or at least started.
After the animals had been sacrificed on the
painted site and on a symmetrical side of the skin
of the opposite side serving as control the hair
was removed by manual epilation and then these
sites were excised. Subsequently the remaining
hair was carefully removed and the epidermis
separated by means of a 1 N potassium hydroxide
solution according to the method described
previously (8, 9). For each examination the
epidermis of 10—12 animals was used. To the
substance weighed on an analytical balance and
introduced into glass test-tubes a solution of 0.5
and 6 per cent of sodium hydroxide, respectively,
was added and it was placed on a boiling water
bath. In case of the former concentration it was
kept on the bath for 1j hours and in that of the
latter for one hour. After the hydrolysis was
completed the volumen was made up with a
solution of NaOH, or distilled water respectively,
so that one ml of the hydrolysate should contain
5 mg of freshly weighed epidermis. The final
alkali concentrations of the hydrolysates used for
the estimations were 0.5 and 1 per cent. The
hydrolysates—in the first place that of 0.5 per
cent—rather resembled a fine suspension than a
solution. The determination of the amount of
the S—S bonds reduced on the action of alkaline
hydrolysis to —SH groups was carried out in
two ways: 1.) The substance to be examined was
acidified directly before the estimation and Ben-
nett's —SR reagent dissolved in toluene was used
as in the previous related examinations (6).
2.) The determinations were performed in alkaline
medium with the reagent dissolved in toluene-
aniline (7).
RESULTS
The results are illustrated in the Fig. In
view of the fact that on the 5—6th day after the
228 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
NORMAL PAINTED
FIG. 1
The amount of S—S bonds reduced to —SH
groups—by hydrolysis with 0.5 and 6 per cent
sodium hydroxide solutions—in normal epidermis
and in epidermis painted with methylcholanthrene
and benzpyrene.Values are expressed in terms of microgram
cysteine/100 mg fresh weight.
painting with both methyicholanthrene and
benzpyrene a similar effect was observed in the
epidermis the results are summarized in the same
Fig.
The Fig. demonstrates that half of the S—S
bonds of the normal epidermis are already re-
duced on the action of a solution of sodium
hydroxide of 0.5 per cent; furthermore, that if the
alkaline hydrolysates are acidified this does not
reduce the quantity of the determinable —Sn
groups. It should be noted that when the solution
has been acidified the reaction must be carried
out without any delay.
On the other hand, the S—S bonds of the
epidermis painted with benzpyrene or methyl-
cholanthrene respectively, behave differently. If
the examinations are carried out in an alkaline
medium the amount of the S—S bonds reduced to
—Sil groups on the action of alkali solution of 6
per cent is the same as the values obtained in the
normal epidermis, however, those obtained on the
action of a sodium hydroxide solution of 0.5 per
cent are lower than the normal ones only amount-
ing to one third of those yielded when the con-
centration of the hydrolysis was higher. After
the hydrolysates had been acidified—in contrast
to in the case of the normal epidermis—the
determinable —Sil groups diminished. This
suggests that after the acidification the S—S
bonds which had been reduced under the hy-
drolysis reoxidised.
CONCLUSIONS
The experimental results suggest that on the
action of carcinogenic hydrocarbons the behavior
of the S—S bonds of the epidermis in an alkaline
hydrolysis changes. This phenomenon can only
be interpreted as a structural change of the
proteins which takes place in vivo on the action
of carcinogenic agents.
SUMMARY
Healthy mouse epidermis and hyperplastic
epidermis due to painting with methyicholan-
threne and benzpyrene respectively, were ex-
amined. The quantity of the S-S bonds reduced
on the action of alkaline hydrolysis to sulfhydryl
groups was determined by means of Bennett's
sulfhydryl reagent. The hydrolysis was carried
out with sodium hydroxide solutions the Con-
centrations of which were of 0.5 per cent and 6
per cent, respectively. The —SH values obtained
after hydrolysis with an alkali solution of 0.5
per cent was in the normal epidermis and in
the hyperplastic one one third of the value ob-
tained by hydrolyzing with an alkaline solution
of 6 per cent. Acidification of alkaline hydroly-
sates of the normal epidermis did not change the
determinable —SR values, whereas it caused a
marked decrease in those of the hyperplastic one.
The observed phenomena may be interpreted as
structural changes of proteins taking place in
vivo on the action of carcinogenic agents.
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